X-ray Crystallography. Intensity data were collected on a Brüker APEX-II CCD diffractometer using a graphite monochromated Mo-Kα radiation (α = 0.71073 Å) at 296 K. Data collection was performed using φ and ω scan. The structure was solved using direct methods followed by full matrix least square refinements against F 2 (all data HKLF 4 format) using SHELXTL. 1 Subsequent difference Fourier synthesis and least-square refinement revealed the positions of the remaining non-hydrogen atoms. Determinations of the crystal system, orientation matrix, and cell dimensions were performed according to the established procedures. Lorentz polarization and multi-scan absorption correction was applied. Non-hydrogen atoms were refined with independent anisotropic displacement parameters and hydrogen atoms were placed geometrically and refined using the riding model. All calculations were carried out using SHELXL 97, 2 PLATON 99, 3 and WinGX systemVer-1.64. 4 Crystallographic data for complex 1 and 2 were summarized in Table S1 .
solution forms an intense blue mixture that was stirred overnight at room temperature. The solution was then filtered off and the filtrate was left at open atmosphere for slow evaporation which yields large X-ray quality crystals of [Co(PP 3 )Br]·ClO 4 (2) after 3 days. The crystals were separated, washed with cold water and Et 2 O and air-dried yield (68 %). Anal. Calcd for C 42 H 42 CoP 4 O 4 ClBr: C, 55.50; H, 4.66 %. Found: C, 55.59; H, 4 .58 %. IR (KBr pellet, 4000 − 400 cm −1 )  /cm -1 : 3061, 2978, 1578, 1462, 1414, 1365, 747, 620. Physical Measurements. Magnetic measurements were performed using a Quantum Design SQUID-VSM magnetometer. The measured values were corrected for the experimentally measured contribution of the sample holder, while the derived susceptibilities were corrected for the diamagnetic contribution of the sample, estimated from Pascal's tables. 5 Elemental analysis was performed on Elementar Microvario Cube Elemental Analyzer. IR spectrum was recorded on KBr pellets with a Perkin-Elmer spectrometer. Powder X-ray diffraction (PXRD) data was collected on a PANalytical EMPYREAN instrument using Cu-Kα radiation.
Computational Details. The calculation of the second-order magnetic anisotropy (or zero-field splitting) parameters (D and E) has been carried out with two different software packages: MOLCAS 6 and ORCA. 7 We have employed MOLCAS (along with the SINGLE_ANISO 8 code) to carry out a CASSCF calculation of the energy states of the Co II complex. After that, the spin-orbit coupling has been introduced, as implemented in the SO-RASSI (Restricted Active Space State Interaction) approach, to mix up these energies and obtaining the final energy states. In these calculations we have employed an all electron ANO-RCC basis set: 9 Co atoms (6s5p4d2f), P (5s4p3d2f), Cl 5s4p3d2f, C (3s2p) and H (2s).
A similar CASSCF calculation was carried out with ORCA; in this case the spin-orbit effects were included using the quasi-degenerate perturbation theory (QDPT). In these calculations all the atoms are described by the def2-TZVPP basis set, 10 including the corresponding auxiliary basis sets for correlation and Coulomb fitting.
In both sets of calculations, the active space is formed by the seven d electrons of the Co II centers and the 5d orbitals (7, 5) ; and all the quadruplet (10) and doublet (40) states have been taken into account.
Further PT2 calculations were carried out with ORCA (NEVPT2) and MOLCAS (CASPT2) but they were not able to provide useful insights. The NEVPT2 calculations produced ½ ground states, probably due to problems handling the active space orbitals. On the other hand, the CASPT2 calculations from MOLCAS showed serious convergence problems and were thus finally discarded. 102.56 (7) Br1-Co1-P2 170.87(13) 
Additional discussion about the comparison between the studied complexes with the ones reported in the literature
We have carried out an exploration of the CSD looking for other Co II complexes containing P 4 ligands (either mono or polydentate) and one halide, which could be compared to complexes 1 and 2 ( Table 2 , entries 1-7). For those complexes we have carried out a CASSCF calculation equivalent to those of 1 and 2, and we have also computed their SHAPE analysis respect the typical 5 vertex polyhedra. Among the complexes found, 3 are trigonal bipyramids (DIZQAF, NIZDOP and UFUCUV), 3 correspond to vacant octahedron structures (JIPCER01, VAKFAR and VAKFEV) and the last one (RUTSUU) seems to be in between of the spherical square pyramid and the trigonal bipyramid shapes (although closer to the latter). The computed D values are positive regardless the shape or the nature of the ligands forming the complexes; the only exception is DIZQAF, which has a negative D value probably because the E/D parameter is close to the acceptable 0. 
